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14.1 Electromagnetic Waves
Joint Services Electronics Program (Contract DAAG29-80-C-0104)
Jin Au Kong, Sami M. Ali, Weng C. Chew, Tarek M. Habashy, Soon Yun Poh
Electromagnetic waves are studied with applications to microstrip antennas,1-5 microwave
integrated circuit problems 6 0 , and geophysical subsurface probing and communications. 10 16
Significant advancements have been made in the understanding of the radiation and resonance
characteristics of the microstrip disks with thick substrates, annular-ring structures, and coupled
excitations. Theoretical techniques including asymptotic approaches, numerical techniques,
Galerkin's method, and newly developed Hankel transform analysis are utilized to explore the new
dimensions and applications of the microstrip integrated structures. The same theoretical
approaches are used to study the classical subject of dipole antenna radiation in the presence of
stratified earth as applied to geophysical probing and submarine communications problems. A new
double-deformation technique has also been developed to analyze transient electromagnetic
phenomena.
14.2 Remote Sensing with Electromagnetic Waves
National Science Foundation (Grant ENG 78-23145)
Jin Au Kong, Leung Tsang
Remote sensing with electromagnetic waves17-35'11-14 has been studied with the theoretical models
of random media, discrete scatterers, and random distribution of discrete scatterers. These models
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simulated earth terrain media such as snow-ice. forest, and vegetation. Scattering and emission of
electromagnetic waves by such media bounded by rough interfaces are investigated. The
development of the strong fluctuation theory and the random discrete scatterer model with the quasi-
crystalline approximation and the Percus-Yevick equation are the most significant contributions in
advancing the understanding of wave scattering by earth terrain media.
14.3 Acoustic Wave Propagation Studies
Schlumberger-Doll Research Center
Jin Au Kong, Weng C. Chew, Shun-Lun Chuang, Soon Yun Poh
Multiple scattering of acoustic waves by random distributions of discrete scatterers has been
studied with the use of quasi-crystalline-coherent potential approximation and the Percus-Yevick
equation. 15.25 Such an approach represents a significant step towards understanding of the
scattering process by dense distribution of volume scatterers. The technique is also used to study
electromagnetic wave scattering. 26 In addition, the radiation and resonance of microstrip line
structuresi10 and geophysical subsurface probing by dipole antennas 11 4 are being studied under
the support of this contract.
14.4 Effect of Earth Terrain on Millimeter Wave Propagation
U.S. Air Force - Hanscom (Contract F19628-80-C-0052)
Jin Au Kong, Robert T. Shin
Extensive work has been accomplished in the development of theoretical models that account for
absorption, scattering, layering, and rough surface effects of earth terrain.
1'
,18-20,23-24,27-34,36-37
Radar-backscattering cross sections and radiometric brightness temperatures have been calculated
with radiative transfer theory and the wave approach. The results have been used to interpret the
experimental data.
14.5 Theories for Microwave Remote Sensing of Snow
National Aeronautics and Space Administration (Grant NAG5-16)
Jin Au Kong, Robert T. Shin
Theories for microwave remote sensing of snow have been developed with the snow modelled both
as a random medium 18,24 ,27 -28 and as a homogeneous layer containing spherical scatterers.20 The
radar-backscattering coefficients and the radiometric brightness temperatures are calculated and
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used to interpret experimental data obtained from snow fields.
14.6 SAR Image Prediction, Simulation, and Analysis
Draper Laboratory (Contract DL-H- 182642)
Jin Au Kong, Francesco J. Vallese
Several snow and Ice samples have been studied and their correlation functions have been shown
to be exponential in character with correlation lengths corresponding to the actual sizes of ice
crystals in snow and air bubbles in ice.32,36 Such correlation functional characterization is very
essential in describing earth terrain media with the theoretical random medium model. 28' 34
14.7 Remote Sensing of Vegetation and Soil Moisture
National Aeornautics and Space Administration (Contract NAG5-14 1)
Jin Au Kong, Robert T. Shin
Two important contributions have been made in the remote sensing of vegetation and soil moisture
studies. 18 -2 3 ,27 -34 The strong fluctuation theory has been developed for the random medium model,
which is particularly pertinent for vegetation canopy as the contrast of vegetation permittivity, which is
essentially water droplets, and the air is very large. For row structures in plowed vegetation fields, we
have developed the modal theory with the extended boundary condition approach to calculate for the
radar- backscattering coefficients and the radiometric brightness temperatures.
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